Phytate is the major storage form ofphosphorus in seeds and so is a common dietary constituent. Excessive ingestion of undegraded phytates can cause mineral deficiencies in humans. In addition, phytic acid is antineoplastic in animal models of both colon and breast carcinoma. There have been no previous studies quantifying phytase activity in the human small intestine although it is present in animals. Small intestinal phytase and alkaline phosphatase activity and distribution was measured in vitro in mucosal homogenates from two human small intestinal specimens obtained from transplant donors. Rat intestine was also studied for comparison. Phytase activity was found in human small intestine at low values (30 times less than that in rat tissue and 1000-fold lower than alkaline phosphatase in the same tissue). The activity was greatest in the duodenum and lowest in the ileum. In conclusion, the normal human small intestine has very limited ability to digest undegraded phytates. Although this may have adverse nutritional consequences with respect to metabolic cation imbalances, the presence of undigested phytate in the colon may protect against the development of colonic carcinoma.
dietary constituent. Excessive ingestion of undegraded phytates can cause mineral deficiencies in humans. In addition, phytic acid is antineoplastic in animal models of both colon and breast carcinoma. There have been no previous studies quantifying phytase activity in the human small intestine although it is present in animals. Small intestinal phytase and alkaline phosphatase activity and distribution was measured in vitro in mucosal homogenates from two human small intestinal specimens obtained from transplant donors. Rat intestine was also studied for comparison. Phytase activity was found in human small intestine at low values (30 times less than that in rat tissue and 1000-fold lower than alkaline phosphatase in the same tissue). The activity was greatest in the duodenum and lowest in the ileum. In conclusion, the normal human small intestine has very limited ability to In a preliminary trial of this method, however, we found that the variability at the extraction and reduction phases made the procedure too imprecise for the determination of the very small amounts of phosphate released by the human tissue.
We therefore used a method for phosphate measurement using malachite green as the chromogen.15 This improved method does not entail phytate extraction before colour development. It also has the added advantage of not requiring protein precipitation as deproteination has been shown to release phosphate groups from cellular constituents.15
REAGENTS
The following reagents were used: sodium phytate (30 mmol/l), hydrochloric acid (5 mol/l); malachite green made up in acidified molybdate (340 mg/l); aqueous TWEEN solution (15 ml/l); ammonium molybdate in hydrochloric acid (34 mmol/l); aqueous urea solution (360 g/l), aqueous zinc chloride (4 mmol/l); aqueous magnesium chloride (40 mmol/l). 
SPECIMENS
Complete human small intestinal specimens were obtained from two previously fit subjects during organ harvesting for transplantation purposes. One was a 50 year old woman who died suddenly from a subarachnoid haemorrhage; the other a 40 year old man who died suddenly in a road traffic accident.
Rat small intestine was harvested from two Wistar male rats killed by cervical dislocation.
All tissue samples were immediately frozen in liquid nitrogen. Subsequently the rat and human donor specimens were kept at -700C. PHYTASE 
DETERMINATION
For the determination of phytase activity the brush borders were scraped off underlying tissue with a glass microscope slide before homogenisation.
The tissue (approx 200 mg wet weight) was homogenised in 45 ml cold 50 mmol sucrose plus 2 mmol TRIS HC1 buffer (pH 7.1) with 20 strokes of a Griffiths tube homogeniser. The homogenate was centrifuged at 6000 rpm for three minutes and the supernatant separated from the pellet, which was discarded. An aliquot was taken for alkaline phosphatase activity, which was estimated on the 'Cobas-Bio' automated enzyme analyser using paranitrophenol phosphate as substrate,16 and for protein determination by the method of Bradford. '7 Homogenate (2 ml) was combined with 
Results

WORKING RANGE OF MALACHITE GREEN METHOD
By plotting the absorbance of varying concentrations of phosphate standards (Fig 1) we derived a linear working range of between 1 and 5 mmol/l.
FREEDOM FROM INTERFERENCE BY PHYTATE
Phosphate standards with added phytate up to 400 times that used in the final colour reaction product had negligible effect on the absorbance (Fig 2) . Figure 3 shows the rate of phosphate production obeys first order kinetics.
Phytase activity, Kmi, and Vmax for rat duodenum Table 1 shows the results of phytase activity, alkaline phosphatase activity, and kinetics for phytase. The results are in good agreement with those found by other workers." Table II shows the activity of phytase and alkaline phosphatase at different sites of the human small intestine.
It can be seen that there is much less phytase activity in the human small intestine compared with the rat and that this activity diminishes lower down the intestine. Figure 4 shows the distribution of phytase and alkaline phosphatase activities in the two human intestines investigated. Determination of the kinetics of human phytase was beyond the sensitivity of the method because of the low phytase activity found in the human tissue.
Phenylalanine inhibition
We estimated phytase activity in three human duodenal homogenate replicates with and without the addition of phenylalanine (50 mmol/l). Alkaline phosphatase was estimated on the same homogenate with and without the addition of phenylalanine in the same concentration. Figure 5 shows that while the alkaline phosphatase activity was reduced by 95% by phenylalanine, there was no effect on the phytase activity. Discussion This is the first investigation to quantify the activity of human small intestinal phytase. In our study the proximal human small intestine was found to contain phytase activity at very low values, which declined distally along the intestine. Human duodenal phytase activity was roughly 1000 times lower than that of alkaline phosphatase and 30 times less than that seen in the rat duodenum. This measured activity did not result from alkaline phosphatase as shown by the lack of inhibition of phytase activity under conditions where alkaline phosphatase is almost completely inhibited. Other workers have found that phytate itself inhibits alkaline phosphatase. 18 19 We found phytase activity in the rat small intestine comparable with that found by other workers using methods requiring phytate extraction. 1 1 The only previous study on human phytase activity showed the enzyme in the human small intestine but did not report the levels of activity.5 The authors implied that they saw activity similar to that seen in the rat. An additional recent development in phytate metabolism has been the hypothesis that phytate may be protective against colonic carcinogenesis.24 Phytic acid has recently been found to be anti-neoplastic in both mammary and colon carcinogenesis models in vivo in the rat.25 26 The low level of phytase activity in the intestine dictates that, from the nutritional point of view, foodstuffs comprising high concentrations of phytic acid should undergo processing before human consumption.27 In view of the recent evidence, however, that phytic acid is anti-neoplastic26 it may be that consumption of undegraded phytates should be encouraged notwithstanding the nutritional implications.
